Abstract. Lapland longspurs, Calcarius lapponicus, are tundra-nesting arctic birds with an extremely short breeding season. Males show a pronounced brief peak of plasma testosterone early in the season. We studied the effect of exogenous testosterone on song and aggression in free-living male Lapland longspurs. We gave high-testosterone implants to 16 birds, low-testosterone implants to seven birds, and empty or no implants to 33 birds. The implants resulted in significantly different plasma testosterone levels during incubation (high-testosterone mean=20.79 3.4 ng/ml, low-testosterone mean=2.54 0.5 ng/ml, control mean=0.53 0.1 ng/ml). High-testosterone birds had larger cloacal protuberances than controls, but low-testosterone birds did not. We measured aggression and song with simulated territorial intrusions during incubation, a mean of 12.03 1.45 days after the insertion of implants. High-testosterone birds and low-testosterone birds were no more aggressive than controls. However, high-testosterone birds, but not low-testosterone birds, were significantly more likely than controls to sing. These results suggest that the high, brief testosterone peak of Lapland longspurs may be related more to song than to territorial aggression. Alternatively, both aggression and song may be testosterone-influenced, but aggression may be more readily suppressed during incubation. The hormone-behaviour patterns demonstrated in this study may be adaptations for breeding in the short arctic summer.
The Arctic breeding season is extremely short. In most of the Arctic, above-freezing temperatures occur only from mid-May to mid-August (Bunnell et al. 1975; Pielou 1994) . Birds nesting at these latitudes must initiate breeding as early as possible, and progress rapidly and efficiently through the stages of nesting before the brief summer ends. For instance, some arctic species may find a mate, court, build a nest and initiate laying within one week of arrival from migration (Carey 1988) . Seasonally breeding birds in temperate latitudes have a much more protracted breeding season, which typically lasts 3-4 months, with courtship and pair formation sometimes taking an entire month within a population (Immelmann 1971; Wingfield 1984a) . Given the rapid temporal progression of reproductive behaviour in arctic birds, we expected that they might show different relationships of steroid hormones and breeding behaviour from those seen in temperate-zone birds.
Sex steroid hormones play a major role in initiating and maintaining breeding behaviour in temperate-zone birds and many other vertebrates (e.g. Balthazart 1983; Harding 1983). The role of testosterone in male breeding behaviour is especially well studied. Castration of males of these temperate-zone species generally reduces aggression and virtually eliminates song, and testosterone implants restore both aggression and song, although there are some exceptions (e.g. Harding 1983; Wingfield 1994; Wingfield et al. 1994) . In free-living males, elevated levels of plasma testosterone usually coincide with increased singing and territorial aggression, and testosterone declines when males begin to feed young (Wingfield et al. 1990; Wingfield & Farner 1993) . Circulating testosterone is generally
